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ABSTRACT 
Factors Related to Driving Abilities of Young Adults with Autism Spectrum Disorders 
Kristina Elise Patrick 
 
 
Autism spectrum disorder (ASD) is associated with impairments in a variety of skills that 
are likely to impact driving performance, including social functioning, processing speed, 
attention and working memory, and executive function. Although individuals with ASD 
and their parents report more difficulty with driving than typically developing (TD) peers 
(Cox et al., 2012; Daly et al., 2014), objective measurement of novice drivers with ASD 
is limited (Classen & Monahan, 2013; Cox et al., 2015). In the current study, 50 young 
adults with ASD (age range: 16-26) and TD controls matched on age, gender, IQ, and 
licensure history completed neurocognitive measures and several tasks on a virtual reality 
driving simulator. Drivers with ASD had significantly more difficulty with speed and 
lane management than TD controls. Engaging in secondary tasks (e.g., radio-tuning, 
social conversation) impacted driving behavior for both groups but difficulty was more 
pronounced for the ASD group, particularly during radio-tuning. Several neurocognitive 
variables were related to baseline driving behavior and to the impact of secondary tasks 
on driving behavior. Results suggest that many young adults with ASD will require 
increased training to become proficient drivers. Findings underscore the need for targeted 
driver training programs for this population, which may include a slow and graduated 
hierarchical approach to driving instruction, direct instruction in “unwritten” rules of the 
road, and coaching to anticipate unexpected events while driving.  
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1. INTRODUCTION 
1.1  Autism Spectrum Disorder 
 
Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized 
by deficits in social communication and interaction, restricted or repetitive patterns of 
behavior, interests, or activities, and functional impairments (American Psychiatric 
Association, 2013).  Recent estimates suggest that 1 in 88 children have been identified 
with ASD and the majority of these children (62%) do not have intellectual disability 
(ADDM, 2012).  Consequently, many individuals with ASD have the capability to 
participate in similar educational, occupational, and social experiences as their typically-
developing (TD) peers if given proper resources and support.  Identification of deficits 
associated with ASD in high functioning individuals and interventions or supports aimed 
at improving quality of life are becoming increasingly important.  In addition to 
diagnostic symptoms, many individuals with ASD have other impairments, including 
delayed or limited communication and social interest, stereotypic behaviors, and 
executive functioning deficits, that can compromise independence and functional living 
(Hume, Loftin, & Lantz, 2009).  Difficulty with independent functioning is associated 
with poorer outcomes for individuals with ASD (Hume et al., 2009), indicating a need for 
evaluation of and intervention for independence skills in this population.  
1.2 Importance of Driving 
 
The ability to drive is both a developmental milestone in American society and an 
avenue to independent social, occupational, and educational experiences.  In individuals 
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with ASD, driving is associated with plans to attend college and with obtaining paid 
employment (Huang, Kao, Curry, & Durbin, 2012). Although many individuals with 
ASD are interested in driving, parents of these adolescents and the individuals themselves 
are often reluctant to pursue licensure (Huang et al., 2012). Cox, Reeve, Cox, and Cox 
(2012) found that, according to parent report, nearly one-third of non-driving teens with 
ASD were not driving due to perceived deficits associated with ASD or parental 
restrictions. Among ASD individuals who do drive, they acquired licensure an average of 
2.5 years later, drive less frequently, and perceive their driving as worse compared to TD 
drivers (Daly, Nicholls, Patrick, Brinckman, & Schultheis, 2014). It seems then that 
concern about the impact of ASD symptoms on driving abilities, on the part of parents or 
individuals themselves, may be impacting the desire or ability to drive.  
1.3  ASD Impairments That May Affect Driving 
 
In addition to core deficits in social functioning, including social awareness, 
cognition, and motivation (Klin, Lin, Gorrindo, Ramsay, & Jones, 2009; New et al., 
2010; Schultz et al., 2003), ASD is associated with a variety of cognitive impairments 
that may affect driving abilities. Though many individuals with ASD have IQs in the 
normal range or above, they are at increased risk for experiencing difficulties with 
attention, processing speed, and other executive functions (e.g., Happe, Booth, Charlton, 
& Hughes, 2005; Mayes, Calhoun, Mayes, & Molitoris, 2008; Rao & Landa, 2014). In 
fact, even when controlling for IQ, ASD-related attention problems, including brief 
auditory attention and working memory, sustained attention, and parent-reported 
problems with inattention and impulsivity, may be equivalent to those found in 
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individuals diagnosed with attention deficit/hyperactivity disorder (ADHD; Mayes, 
Calhoun, Mayes, & Molitoris, 2012), suggesting that attention deficits may be a core 
feature of ASD presentation. In addition, the prototypical cognitive profile of non-
intellectually disabled individuals with ASD includes relative weaknesses in processing 
speed with over half of individuals with ASD scoring more than one standard deviation 
below the general population mean on the Processing Speed Index of the WAIS-IV 
(Mayes & Calhoun, 2008; Oliveras-Rentas, Kenworthy, Roberson, Martin, & Wallace, 
2013). Although processing speed deficits have been found in numerous studies with 
individuals with ASD (Hedvall et al., 2013; Mayes & Calhoun, 2008; Oliveras-Rentas et 
al., 2013), the research is mixed regarding processing speed on non-motor tasks, 
suggesting that ASD-related fine motor impairments may be contributing to poor 
performance on measures of processing speed. Finally, executive functions, including set 
shifting, self-monitoring, and some aspects of inhibition, have been shown to be impaired 
in many individuals with ASD (for a review, see Hill, 2004). Taken together, research 
suggests that even for individuals with intact IQs, those diagnosed with ASD are at risk 
for experiencing poorer attention, processing speed, and executive functioning skills 
compared with TD peers.  
ASD-related impairments in social functioning, attention, processing speed, and 
executive functioning may impact the duration of driver training necessary for 
individuals with ASD to become proficient drivers and may make it more difficult for 
them to acquire driver’s licenses. Indeed, these skills have been shown to be related to 
driving performance for a variety of other populations (e.g., Barkley, Guevremont, 
Anastopoulos, DuPaul, & Shelton, 1993; Classen & Monahan, 2013; Edwards, Bart, 
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O’Connor, & Cissell, 2010; Roenker, Cissell, Ball, Wadle, & Edwards, 2003; Schultheis 
et al., 2010; Tabibi, Borzabadi, Stavrinos, & Mashhadi, 2015). 
1.4  Assessment of Driving in ASD Populations 
 
Although the association between neurological conditions and driving ability has 
been explored in a variety of populations including individuals with multiple sclerosis 
(Schultheis, Garay, & Deluca, 2001), epilepsy (for a review, see Krumholz, Fisher, 
Lesser, & Hauser, 1991), Parkinson’s disease (Wood, Worringham, Kerr, Mallon, & 
Silburn, 2005), Alzheimer’s disease (for a review, see Dubinsky, Stein, & Lyons, 2011), 
and ADHD (for a review, see Classen & Monahan, 2013), research evaluating driving 
capabilities of individuals with ASD is only recently emerging. Current research 
assessing driving performance or abilities of individuals with ASD that may be related to 
driving is mixed. Until recently, most research on ASD and driving was limited to parent 
or self-report of driving behaviors. Parent reports of drivers with ASD indicate difficulty 
with attention and multi-tasking, such as maintaining a conversation, while driving (Cox 
et al., 2012). Huang and colleagues (2012) found that many parents of teenagers with 
ASD reported that their children were rule-bound and less reckless than other teenagers, 
making them less likely to commit driving violations. Furthermore, teens with ASD 
reported receiving fewer citations and experiencing fewer motor vehicle crashes than 
drivers without ASD, possibly due to increased parental supervision (Huang et al., 2012). 
In contrast, adult licensed drivers with ASD reported more traffic violations, driving 
mistakes, and accidents than licensed drivers without ASD, though this finding may have 
been impacted by differences in self-report bias between ASD and TD populations (Daly 
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et al., 2014). In regard to driver training, parent report indicated that individuals with 
ASD required twice the practice of TD siblings to acquire adequate driving skills, even 
though basic skills, such as maintaining lane position, speed control, braking, turning, 
and using mirrors, were acquired with low levels of difficulty (Cox et al., 2012).  Taken 
together, these studies indicate that drivers with ASD may have more difficulty with 
driving and require more practice to become proficient drivers, but with enough guidance 
and proper training, they may develop appropriate driving skills.  
High rates of hesitance regarding driving on the part individuals with ASD and 
their parents, as well as some evidence that individuals with ASD may be less adept at 
driving than peers, highlights the need for evaluation of specific driving skills that may 
be affected by ASD.  There is some evidence that social aspects of driving are more 
difficult for individuals with ASD than TD individuals. For instance, parents of drivers 
with ASD reported that talking their child through tasks while he or she was driving was 
not beneficial (Cox et al., 2012). Sheppard, Ropar, Underwood, and Van Loon (2010) 
found a difference in the ability of individuals with ASD to identify driving hazards 
based on the social level of the hazards.  Specifically, TD individuals, but not individuals 
with ASD, became more vigilant when detecting social (person or car) versus non-social 
(other objects) hazards. Drivers with ASD may also have difficulty directing their 
attention toward relevant environmental stimuli (signs, people, etc.) as quickly or often as 
non-ASD drivers (Reimer et al., 2013; Sheppard et al., 2010; Zhang et al., 2015). In 
addition, some research suggests that drivers with ASD experience heightened 
physiological responses and poorer differentiation between low and high cognitive 
demands while driving compared to TD drivers (Reimer et al., 2013). Taken together, 
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reported driving behaviors and objective measurement of behaviors likely to impact 
driving performance suggest that individuals with ASD may demonstrate more impaired 
driving than TD peers. 
1.5 Virtual Reality in Driving Research 
 
Virtual reality is fast becoming an integral part of psychological research. Virtual 
reality driving simulation (VRDS), in particular, offers the ability to create controlled 
environments and manipulate cognitive load and driving settings, while maintaining safe 
conditions and allowing for extensive data collection (Schultheis & Rizzo, 2001). VRDS 
has been validated as a model for on-road driving (Wang et al., 2010) and driving 
behavior with a simulator has been shown to be comparable to behavior on the road 
(Underwood, Crundall, & Chapman, 2011). VRDS has also become important in 
identifying how driving performance is affected by cognitive decline or impairment. For 
instance, driving performance on a simulator has been assessed in older adults (Lee, Lee, 
Cameron, & Li-Tsang, 2003), individuals who have suffered from traumatic brain injury 
(Schultheis, Rebimbas, Mourant, & Millis, 2007), stroke patients (Akinwuntan, Wachtel, 
& Rosen, 2012), and adults with multiple sclerosis (Kotterba, Orth, Eren, Fangerau, & 
Sindern, 2003).   
Although interest in ASD and driving has increased in the past few years, very 
few studies have evaluated the relationship between ASD and driving using VRDS. To 
our knowledge, only three studies have measured driving behaviors of individuals with 
ASD using VRDS, and all of them had extremely small samples and significant 
methodological limitations. In a pilot study using VRDS, Reimer and colleagues (2013) 
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found no significant differences in driving behaviors of 10 licensed ASD drivers 
compared to 10 TD controls. In contrast, a study by Classen and Monahan (2013) found 
increased driving errors related to speed regulation, lane maintenance, signaling, and 
adjustment to stimuli in 7 individuals with ASD who did not have a license or permit 
compared to TD controls matched on age, gender, and education level. In the largest 
ASD VRDS study to date, Cox and colleagues (2015) compared driving abilities of 17 
males with ASD who had obtained a driver’s permit to 27 TD males who had recently 
acquired driver’s licenses. The ASD group demonstrated significantly greater impairment 
in driving as measured by a composite driving score, and steering difficulty appeared to 
primarily account for these differences. In addition, this study found a non-significant 
trend in which the addition of working memory demands led to slightly more steering and 
braking errors in the ASD group but slightly less driving errors in TD controls. The 
addition of mental flexibility and response inhibition tasks equally affected ASD and TD 
drivers. Furthermore, performance on a driving-related working memory task was 
associated with driving performance while parent-reported ASD symptoms were 
associated with steering and reaction times.  
As a whole, there are very few studies that have objectively measured driving 
behaviors in individuals with ASD. The studies that do exist are limited by extremely 
small sample sizes, poorly matched comparison groups, failure to objectively assess ASD 
symptoms or confirm diagnosis, and failure to assess IQ or other cognitive variables that 
may be contributing to group differences in driving behaviors. Furthermore, analysis of 
driving behaviors has thus far been limited to composite scores rather than continuous 
measures of driving, which would allow for comparison of driving patterns across a 
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variety of driving environments. Finally, the extant literature includes very little 
information regarding behaviors and cognitive variables that may help predict driving 
performance in this population. Understanding these variables may aid in development of 
driver training programs for this population.  
1.6  Present Study 
 
In summary, driving is an important skill for improving quality of life and 
functional independence in individuals with ASD, but hesitance to acquire licenses 
remains high within the ASD community.  There have been very few research studies 
assessing the relationship between ASD and driving.  Some research has indicated that 
individuals with ASD may have more difficulty with driving than TD peers, but further 
research is necessary to evaluate how deficits associated with ASD may impact driving 
abilities.  Research on driving abilities and specific areas of driving impairment related to 
ASD can lead to education and training designed to make driver’s licenses more 
accessible to this population.  Therefore, Aim 1 of the present study was to examine 
differences between young adults with and without ASD in driving behaviors, 
including speed, variability in speed, and variability in lane positioning.  Given that 
autism is a spectrum disorder with varying levels of impairment in diagnosed individuals, 
it is also important to assess how the severity of autism symptomology impacts driving. 
Therefore, in addition to examining group differences, we assessed the relationship 
between autism symptomology and driving behaviors.  Specifically, we expected ASD 
drivers to experience greater difficulty with speed and lane management than TD controls 
and we hypothesized that there would be a positive relationship between autism 
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symptomology and driving difficulties. 
The current research suggests that individuals with ASD may experience 
increased difficulty with driving compared to TD controls as environmental demands 
increase. In particular, there is some evidence that ASD drivers may have more difficulty 
when confronted with social tasks while driving due to ASD-related social impairments. 
Therefore, Aim 2 of the proposed study was to examine differences in driving 
behaviors between young adults with and without ASD while they are engaging in 
cognitive, cognitive and motor, and social tasks.  Specifically, we expected all three 
tasks to lead to greater driving impairment in the ASD group than TD controls. In 
addition, we expected all three tasks to affect the ASD group but only cognitive, and not 
social, tasks to adversely affect TD controls. 
Finally, numerous studies have found differences in attention, working memory, 
processing speed, and executive functioning between individuals with and without ASD. 
Although there is some evidence of driving difficulty in individuals with ASD, research 
examining the relationship between cognitive functioning and driving abilities in this 
population is scarce. Aim 3 of the proposed study was to examine the relationship 
between cognitive abilities-specifically, attention, working memory, processing 
speed, and executive functioning-and driving behaviors in young adults with and 
without ASD. Specifically, we expected poorer performance on measures of attention, 
working memory, processing speed, and executive function to be associated with poorer 
driving performance. Based on research with other populations (e.g., Schultheis et al., 
2010), we expected processing speed to most consistently predict driving abilities. 
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2. METHOD 
2.1 Participants 
 
 Participants included 100 English-speaking young adults between the ages of 16 
and 26 who had normal or corrected to normal vision and IQs in the low average range or 
above. Of the total sample, 50 participants were diagnosed with ASD by a physician, 
psychologist, or other qualified clinician. Diagnosis was confirmed using the Autism 
Diagnostic Observation Schedule, 2nd edition (ADOS-2), Module 4. The TD control 
group included 50 individuals with no history of developmental delay or ASD diagnosis. 
Groups were matched at the individual level on gender, age (within 2 years), and history 
of licensure. Participant demographics are shown in Table 1. Data were excluded from 
four additional participants in the ASD group due to failure to meet criteria on the 
ADOS-2 (n = 3) and IQ Standard Score below 80 (n = 1) and from 3 additional 
participants in the TD group due to elevated symptoms of ASD on a symptom rating 
form (n = 1) and extremely poor effort (n =2).  Participants with ASD were recruited 
through campus and web-based autism support groups, local schools, local autism 
assessment and treatment centers, and distribution of flyers.  Controls were recruited 
through the university’s research recruitment system, craigslist, and distribution of flyers. 
Participants were compensated with extra credit for a participating university psychology 
course or cash ($30 for TD group, $40 for ASD group). ASD participants were paid more 
because their session was longer due to administration of the ADOS-2.  If requested, 
participants were provided with a brief report and feedback session summarizing their 
results. 
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Table 1. Participant Demographics. 
 ASD 
n = 50 
TD 
n = 50 
Age (years) M = 19.79, SD = 2.15 M = 19.73, SD = 1.96 
Gender 42 Males 41 Males 
Race* 
   Asian/Asian American 
   Black/African American 
   Hispanic/Latino 
   White/Caucasian 
   Multi-Racial/Other 
 
1 
3 
0 
45 
1 
 
17 
12 
3 
14 
4 
ADOS-2 Total Score  M = 12.04, SD = 4.23 - 
SRS-2, Informant n = 40 
M = 68.97, SD = 10.56 
- 
SRS-2, Self* n = 47 
M = 61.98, SD = 9.71 
n = 44 
M = 51.50, SD = 8.90 
Driver’s Permit 15 22 
Driver’s License 7 7 
Length of Licensure  M = 1.55, SD = 1.08 M = 2.57, SD = 1.03 
Hours Practiced Driving* M = 1.32,  Mdn = 0.00,  
SD = 3.33 
M = 9.12, Mdn = 1.00,   
SD = 18.75 
*Groups significantly differ (p < .05) 
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2.3 Assessments 
 
Participants completed the following questionnaires, structured interviews, and 
neurocognitive measures before completing a simulated driving assessment.  
2.3.1 Demographics Questionnaire 
 
A brief demographics questionnaire (See Appendix A) was administered via 
interview format to participants to gather information such as educational, occupational, 
and diagnostic history.  It also included questions about driving history, including years 
since licensure (if applicable), driver’s permit status, and estimated number of hours 
practiced driving. In addition, each participant was asked to list three recent social events 
in which the participant interacted with friends or family members, which was used as 
part of a social conversation task during the simulated driving assessment.  
2.3.2 Modified Simulator Sickness Questionnaire  
 
The M-SSQ (Kennedy, Lane, Berbaum, & Lilienthal, 1993; see Appendix B) was 
used to assess the likelihood that participants may become nauseated while using the 
driving simulator.  None of the participants were considered high risk for simulator 
sickness based on the M-SSQ. Furthermore, none of the participants reported motion 
sickness during the driving assessment.  
2.3.3 Optec Vision Screen 
 
The Optec Vision Tester is an instrument often used to screen for vision problems as 
part of requirements for licensure. Participants were shown several images and asked 
questions about what they saw. Vision tests administered included visual acuity, depth 
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perception, and colorblindness. All but 2 participants (1 TD, 1 ASD) demonstrated 20/40 
visual acuity or better, thereby meeting visual requirements for licensure in most states. 
2.3.4 Wechsler Adult Intelligence Scale, Fourth Edition (WAIS-IV, selected subtests) 
 
 The WAIS-IV (Wechsler, 2008) is the most widely used test of intelligence for 
adolescents and adults ages 16-91.  In addition to allowing for computation of a Full 
Scale IQ score, the WAIS-IV includes subtests from verbal, non-verbal, working 
memory, and processing speed indexes. For this study, we administered the Vocabulary 
and Matrix Reasoning subtests, which were used as an IQ screen for broadly Average 
intelligence (2-subtest composite SS > 79), and the Digit Span and Letter Number 
Sequencing subtests, which measure auditory attention and working memory.  
2.3.5 Useful Field of View Test (UFOV)  
 
The UFOV (Visual Awareness, Inc., 2002) is a computer-administered test of 
functional vision and visual attention that has a test-retest reliability of .74 (Edwards et 
al., 2005).  The UFOV consists of three subtests, which assess speed of visual processing 
under increasingly complex task demands providing scores for visual processing speed, 
divided attention, and selective attention. The UFOV has been used to predict driving 
abilities in a variety of populations, and the selective attention score has been found to be 
the most useful condition for predicting driving abilities for young adults (McManus, 
Cox, Vance, & Stavrinos, 2015).  
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2.3.6 Social Responsiveness Scale-Second Edition (SRS-2)  
 
The SRS-2 (Constantino, 2012) is a quantitative scale that measures the severity and 
type of social impairments that are characteristic of autism spectrum disorders. It is a 65-
question survey with self-report and informant-report versions. The self-report version 
was administered to both groups to assess for autism phenotype and symptomology. The 
informant-report version was administered to ASD participants when a parent or 
caretaker was available. The SRS-2 shows the severity of ASD-related traits in receptive, 
cognitive, expressive, and motivational aspects of social behavior, as well as in 
preoccupations. The SRS-2 allows for calculation of a T-score used to distinguish 
between autistic and non-autistic symptomology. It also provides a continuous measure 
of autism phenotype, regardless of whether the individual meets the autism cutoff.  
2.3.7 Symbol Digits Modalities Test (SDMT) 
 
The oral version of the SDMT (Smith, 1982) is a 90-second neuropsychological test 
that evaluates participants’ information processing speed and working memory without a 
motor component. It involves a simple substitution task in which the participant must pair 
specific numbers with given geometric figures for 90 seconds. Previous studies have 
shown strong correlations between SDMT and driving competency (Beglinger et al., 
2010; Schultheis et al., 2010; Worringham, Wood, Kerr, & Silburn, 2006). 
2.3.8 Stroop Test 
 
The Stroop Test (1935) is a common neurocognitive measure used to assess inhibition 
skills in a variety of populations. The version used for this study consisted of three parts. 
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First, participants were given 45 seconds to rapidly read color words (e.g., red, green, 
blue) written in black ink (word reading). Next, participants were given 45 seconds to 
rapidly identify the colors of sets of XXXXs on a page (color naming). Finally, 
participants were given 45 seconds to rapidly identify the color of the text for each word 
which was incongruent with the word (e.g., the word “red” was written in blue text). 
Because word reading is an automatic process for most individuals, the color-word 
condition requires the participant to inhibit their automatic response in favor of a less 
automatic response. The number of correct responses was recorded for each task. In 
addition, an interference score was computed by comparing the predicted number of 
items correct on the color-word task based on the number of items correct on word 
reading and color naming conditions to the actual number of correct responses.  
2.3.9 Trail Making Test: Parts A&B 
 
The Trail Making Test (TMT) consists of two conditions: A and B.  In Part A, which 
assesses visual attention and psychomotor speed, the participant is asked to draw a line 
sequencing letters as quickly as possible without making mistakes.  In Part B, which 
assesses mental flexibility, self-monitoring, and set shifting (elements of executive 
control), the participant needs to draw a line switching between letters and numbers.  
Each part is scored for time to complete.  
2.3.10 Verbal Fluency 
 
Verbal fluency is a measure of rapid word generation that assesses language skills 
(word categorization) and executive functioning (retrieval and fluency). For the current 
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study, participants completed the phonemic version of this task in which they were asked 
to provide as many words as they could that start with a specific letter in 1 minute.   
2.3.11 Autism Diagnostic Observation Schedule, 2nd Edition (ADOS-2), Module 4  
 
The ADOS-2 (Lord et al., 2012) is considered the gold standard in autism assessment 
and was administered by an examiner who has met clinical and research reliability 
standards. The ADOS-2 is a valid and reliable assessment for diagnosing ASD in toddlers 
through adults. Module 4, which is designed for adolescents and adults, includes several 
interview questions and conversational tasks aimed at eliciting behaviors associated with 
ASD.  The ADOS-2 Module 4 was administered to all participants in the ASD group to 
confirm ASD diagnosis. A total score was also computed using a revised algorithm (Hus 
& Lord, 2014), which allows for a continuous measure of ASD symptomology. 
2.3.12 Simulated Driving Task 
 
A virtual-reality driving simulator (VRDS) housed in the Applied Neuro-
Technologies Lab at Drexel University was used to assess driving abilities (See Figure 1). 
This particular VRDS is a release 1.0, developed by Digital Media Works Incorporated in 
collaboration with Dr. Maria Schultheis. The simulator displays a pre-programmed 
driving environment across three monitors to help provide a deep level of immersion and 
a believable driving experience. Driver input is provided via a modified steering column 
and foot pedals adapted from an actual vehicle. Digital sensors track the motion inputs. 
The simulator simultaneously tracks and stores multiple events, including vehicle 
position, speed, lane deviation, target object distances, raw steering input, steering angle, 
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accelerator position, brake pedal position, turn signal position, and auxiliary data such as 
key position, gearshift position, and car stereo operation.  
 
 
Figure 1. Virtual Reality Driving Simulator. 
2.4 Procedure 
 
 Potential participants were screened for inclusion criteria and then scheduled an 
appointment via phone or email. For participants under 18 years old, a parent or guardian 
was required to accompany the participant to the appointment to complete informed 
consent. After completing informed consent and assent when applicable, participants 
completed the demographic interview, SRS-2, M-SSQ, WAIS-IV, SDMT, Stroop Test, 
and TMT. Next, they completed the UFOV and the Optec Vision Screen. Participants 
then were seated in a chair in front of the VRDS where they completed the Verbal 
Fluency task for letter “F.” This task was administered while the participant was seated in 
front of the VRDS to ensure comparable conditions to when they would be completing 
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the same task with another letter during the simulated drive. Participants were then 
provided with instructions regarding how to operate the VRDS and completed two brief 
driving training sessions-one for practicing basic speed and lane management and another 
for practicing making turns and stops. During the training sessions, the experimenter 
provided feedback and coaching regarding driving at posted speed limits, using turn 
signals, and making complete stops at stop signs. Next, participants were provided with 
instructions for completing the first driving task. Participants were explicitly told to drive 
at posted speed limits, use turn signals when turning or changing lanes, and make 
complete stops at stop signs. The first task included driving on a rural route with a speed 
limit of 40 mph. This route took 15-20 minutes to complete. Next, participants were told 
they would be completing the same route a second time but that at various times they 
would be required to engage in secondary tasks while driving. Participants were told that 
the tasks would include listing words starting with a specific letter, changing radio 
stations, and engaging in a conversation. They also practiced the first two tasks by 
changing the radio to a station requested by the examiner and listing three words starting 
with the letter “A.” Participants then drove on the rural route a second time and were 
asked to complete secondary tasks during selected sections of the route. The 
experimenter also noted the number of words starting with “S” stated by the participant 
during the verbal fluency task and the number of radio stations successfully changed 
during the radio-tuning task. The rural route marked with the task sections is shown in 
Figure 2.  The full driving task protocol is shown in Appendix C. After completion of the 
VRDS task, TD participants were compensated with $30 or 4 points extra credit for a 
participating psychology course. Participants in the ASD group were administered the 
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ADOS-2 and then compensated with $40 or 4 points extra credit for a participating 
psychology course.  
 
Procedure: Driving
1. Training Task
2. Baseline Rural Drive
3. Rural Drive with Tasks
Task
Task
Task
 
Figure 2. Rural route with task sections 
2.5. Method of Analyses 
 
 Statistical analyses were completed with the lme4 package from R Statistical 
Software Program (Bates, Maechler, Bolker, & Walker, 2015; R Core Team, 2015). 
Driving data included absolute value of mean difference in speed from speed limit 
(adSpeed), mean coefficient of variation of speed (covSpeed), and mean standard 
deviation of lane positioning (sdLane) for every quarter mile of the driving route. First, 
data were examined for violations of assumptions and outliers. Distributions for predictor 
variables were generally normal and there were no gross outliers.  For outcome variables, 
outliers greater than 3 standard deviations above the mean were replaced by values of 3 
standard deviations above the mean. Skewed distributions were corrected using square 
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root transformations. Driving data were analyzed with mixed effects linear models. Fixed 
effects included route location in quarter miles and driving history group (licensed, 
permit, no license or permit), and random effects included participants across route 
location. Maximum likelihood comparisons indicated whether predictor models fit the 
data significantly better than base models. Where applicable, estimates of coefficients 
and standard errors are reported for predictor variables from the final model tested.  
 
3. RESULTS 
3.1 Aim 1: Examine differences between young adults with and without ASD in driving 
behaviors, including speed, variability in speed, and variability in lane positioning 
 3.1.1 Hypothesis 1: ASD drivers will experience greater difficulty with speed and 
lane management than TD controls  
 
 Driving data, including adSpeed, covSpeed, and sdLane, for ASD participants and 
TD controls are shown in figures 2-4. During the baseline drive, groups did not 
significantly differ in adSpeed, a = .05, SE = .10, p = .61. However, covSpeed was 
significantly higher for the ASD group than TD controls, a = .03, SE = .01, p = .003. In 
addition, sdLane was significantly higher for the ASD group than TD controls, a = .08, 
SE = .04, p = .04.  
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Figure 3. ASD and TD drivers’ speed across rural route during baseline drive and drive 
with distractor tasks (Challenge). Posted speed limit = 40 mph throughout route. Means 
are shown with ribbons of standard error.  
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Figures 4-5. ASD and TD drivers’ covariation of speed and standard deviation of lane 
positioning across rural route during baseline drive and drive with distractor tasks. Means 
are shown with ribbons of standard error.  
3.1.2 Hypothesis 2: Greater autism severity will be associated with greater driving 
impairment 
 
 Next, we examined whether autistic severity as measured by the ADOS-2 and 
SRS-2 (Informant-Report) were related to driving behaviors for the ASD group. Within 
the ASD group, ADOS-2 and SRS-IR data were available for 42 participants. Baseline 
models with location and driving group as fixed effects and location across subject as 
random effects were compared to models also including ADOS and SRS-2 scores using 
maximum likelihood comparisons. Results are shown in Table 3. Autistic symptomology 
was not significantly related to any driving variables. 
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Table 2. Relationship between autistic severity and driving behaviors during baseline  
 Χ2 p a SE 
  adSpeed 1.86 .39   
      SRS-IR   -.01 .01 
      ADOS-2 Total   .01 .02 
  covSpeed 3.28 .19   
      SRS-IR   -.002 .001 
      ADOS-2 Total   .0002 .002 
  sdLane 4.25 .12   
      SRS-IR   -.006 .005 
      ADOS-2 Total   -.009 .006 
 
3.2 Aim 2: Examine differences in driving behaviors between young adults with and 
without ASD while they are engaging in cognitive, cognitive and motor, and social tasks 
 3.2.1 Hypothesis 1: ASD drivers will demonstrate greater impairment during 
tasks than TD controls 
 
 Next, we examined the effect of the three distractor tasks-verbal fluency (letter 
“S”), changing radio stations, and social conversation-on driving behaviors. Model 
comparisons were conducted at each of the following steps: 1) base model including 
location on route and driving group as fixed effects and location across subject as random 
effects, 2) task sections compared to same sections at baseline (Lap), 3) ASD group 
compared to TD controls (Group), 4) interaction effect of lap and group (Lap X Group), 
and 5) 3-way interaction of lap and group and task type (Lap X Group X Task Type). 
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Results are shown in Table 4. The 3-way interaction between lap and group and task type 
was significant for adSpeed, covSpeed, and sdLane, indicating that the relationship 
between group and task effect on driving depended on task type. 
 3.2.2 Hypothesis 2: All three tasks will affect the ASD group but only the 
cognitive tasks will affect the TD group 
 
Because the effect of tasks on each group depended on task type for all three 
driving variables, we examined the three tasks separately. First, we examined whether 
performance on secondary tasks differed by group. ASD participants provided 
significantly fewer words starting with “S” (M = 12.58, SD = 5.22) than TD controls (M 
= 15.56, SD = 4.76) during the verbal fluency task, t(97.17) = -2.98, p = .002, 95%CI[-
4.96, -1.00]. However, the difference between number of “S” words listed while driving 
and number of “F” words listed before driving did not significantly differ by group, 
t(97.43) = -.14, p = .89, 95%CI[-1.83, 1.59]. ASD participants listed a mean of 1.32 (SD 
= 4.15) more “S” words while driving than “F” words before driving, and TD controls 
listed a mean of 1.20 (SD = 4.48) more “S” words than “F” words. The time it took for 
participants to complete the driving segments during the verbal fluency tasks also did not 
significantly differ between the ASD (M = 84.84 seconds, SD = 9.45) and TD groups (M 
= 85.46 seconds, SD = 7.01), t(90.38) = -.37, p = .71, 95%CI[-3.93, 2.69]. However, 
during the radio-tuning task, ASD participants changed the radio station significantly 
fewer times (M = 7.22, SD = 2.12) than TD controls (M = 8.43, SD = 1.62), t(89.73) = -
3.16, p = .002, 95%CI[-1.96, -.45].  
Next, driving behaviors during each task were analyzed using log likelihood 
comparisons of the following models: 1) base model including location on route and 
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driving group as fixed effects and location across subject as random effects, 2) Lap, 3) 
Group, and 4) Lap X Group. For the verbal fluency task, difference in number of “S” 
words listed from number of “F” words listed and time to complete task were also 
included as random effects. For the radio-tuning task, number of radio stations across 
subject was also included as a random effect. Results are displayed in Table 5. Both 
groups had more difficulty with speed and lane management during the radio-tuning task 
than during the other tasks. This effect was significantly more pronounced for the ASD 
group than for the TD group. The effect of the two verbal tasks on driving behavior was 
more complex. For the verbal fluency task, both groups demonstrated significantly less 
lane variability during the task compared to baseline. In contrast, difference in speed 
from speed limit increased significantly for both groups during the task compared to 
baseline. In regard to variability in speed, there was a significant group by lap interaction 
effect such that covSpeed increased slightly for the TD controls during the task compared 
to baseline but decreased slightly for the ASD group. Of note, even though the ASD 
group demonstrated relative improvement in covSpeed during the verbal fluency task, 
their covSpeed was still higher than that of the TD control group. For the social 
conversation, covSpeed increased for the ASD group during the task compared to 
baseline while covSpeed stayed the same for the TD group. In addition, sdLane stayed 
the same for the ASD group during the conversation compared to baseline but decreased 
for TD controls. 
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Table 3. Mean (SD) driving variables for each group during task sections. 
 ASD TD 
 Baseline Tasks Baseline Tasks 
All Tasks     
   adSpeed 1.77 (3.08) 2.90 (4.15) 1.53 (1.65) 2.34 (2.73) 
   covSpeed 0.037 (0.04) 0.044 (0.05) 0.025 (0.02) 0.030 (0.02) 
   sdLane 1.63 (0.94) 1.88 (2.17) 1.38 (0.64) 1.32 (0.80) 
Verbal Fluency     
   adSpeed 1.75 (2.81) 2.51 (3.87) 1.45 (1.52) 2.18 (3.30) 
   covSpeed 0.038 (0.05) 0.034 (0.03) 0.021 (0.01) 0.025 (0.02) 
   sdLane 1.48 (0.91) 1.18 (0.71) 1.20 (0.60) .95 (0.45) 
Radio     
   adSpeed 1.80 (3.20) 4.14 (4.82) 1.58 (1.64) 2.91 (2.50) 
   covSpeed 0.037 (0.03) 0.059 (0.06) 0.026 (0.02) 0.035 (0.03) 
   sdLane 1.64 (1.08) 2.92 (3.56) 1.35 (0.60) 1.87 (1.04) 
Conversation     
   adSpeed 1.80 (3.31) 2.22 (3.53) 1.58 (1.82) 2.00 (1.93) 
   covSpeed 0.035 (0.03) 0.044 (0.05) 0.029 (0.02) 0.030 (0.02) 
   sdLane 1.82 (0.80) 1.80 (0.92) 1.64 (0.64) 1.29 (0.56) 
Note. Means and standard deviations presented before data transformations and outlier 
corrections. 
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Table 4. Impact of tasks on driving performance. 
 adSpeed covSpeed sdLane 
 Χ2 p Χ2 p Χ2 p 
Lap 24.49 <.001*** .16 .69 111.82 <.001*** 
Group .03 .86 7.26 .007** 2.94 .09 
Lap X Group .66 .42 1.10 .29 4.75 .03* 
Lap X Group X Task 135.69 <.001*** 130.15 <.001*** 175.25 <.001*** 
 
Table 5. Impact of each task on driving performance. 
 adSpeed covSpeed sdLane 
 Χ2 p Χ2 p Χ2 p 
Verbal Fluency       
Lap 4.01 .04* 11.60 <.001*** 6.61 .01** 
Group .02 .89 8.30 .004** 2.94 .09 
Lap X Group .10 .76 5.33 .02*  .06 .81 
Radio       
Lap .35 .55 1.51 .22 .001 .98 
Group .04 .84 6.69 .01** 3.45 .06 
Lap X Group 3.22 .07 7.51 .006** 1.95 .16 
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Table 5. Impact of each task on driving performance (continued). 
 adSpeed covSpeed sdLane 
 Χ2 p Χ2 p Χ2 p 
Conversation       
Lap .40 .53 51.48 <.001*** .73 .39 
Group .05 .82 <.001 1.00 11.44 <.001*** 
Lap X Group 1.67 .20 9.64 .002** 16.58 <.001*** 
 
3.2.3 Supplemental analyses: Differences in task performance 
 
At the end of the session, participants reported whether they found each task 
distracting to their driving. We examined whether self-reported feelings of distraction 
were related to driving behaviors for both groups. Significantly more ASD drivers (29%) 
than TD controls (16%) reported feeling distracted by the conversation task, Χ2(N = 99, 
df = 1) = 30.95, p < .001. More ASD than TD drivers reported feeling distracted during 
the verbal fluency task (55% ASD, 40% TD) and the radio task (92% ASD, 82% TD) as 
well, but these differences were not significant [verbal fluency: Χ2(N = 99, df = 1) = 2.26, 
p = .13; radio: Χ2(N = 98, df = 1) = 2.22, p = .14]. Interestingly, self-reported feelings of 
distraction were not significantly related to driving behavior differences between baseline 
and tasks. There were also no significant interaction effects between self-reported 
feelings of distraction and group on driving behaviors. 
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3.3 Aim 3: Examine the relationship between cognitive abilities-specifically, attention, 
working memory, processing speed, and executive functioning-and driving behaviors 
 
 Neurocognitive variables, including IQ, attention, working memory, processing 
speed, and higher order executive functions, were examined as predictors of driving 
performance. Performance on these measures for each group is displayed in Table 6. 
Base models with driving group and location on route as fixed effects and location on 
route across subject as random effects were compared to models that also included scores 
on neurocognitive measures related to the domain of interest. Our measure of IQ was a 2-
subtest composite computed from WAIS-IV Vocabulary and Matrix Reasoning scores. 
Attention was measured using WAIS-IV Digit Span Forward raw score, TMT A total 
time (in seconds), and UFOV Selective Attention score. Working memory was measured 
using WAIS-IV Digit Span Backward, Digit Span Sequencing, and Letter-Number 
Sequencing raw scores. Processing speed was measured using SDMT total raw score and 
Stroop Word Reading total raw score. Higher order executive function (inhibition, mental 
flexibility, and verbal fluency) was measured using Stroop Color-Word raw score, TMT 
B total time, and total words listed starting with F (Verbal Fluency). 
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Table 6. Performance on neurocognitive tests by group. 
 Mean Scores t p 
 ASD TD   
WAIS-IV     
   2-Subtest IQ SS = 107.14 SS = 111.58 -1.36 .18 
   Vocabulary ss = 11.90 ss = 12.52 -0.91 .36 
   Matrix Reasoning ss = 10.82 ss = 11.34 -1.67 .36 
   Digit Span Total ss = 9.16 ss = 10.62 -2.23 .03* 
   Letter Number Sequencing ss = 9.35 ss = 10.14 -1.51 .14 
SDMT z = -0.81 z = -0.35 -2.24 .03* 
TMT A T = 39.96 T = 54.28 -6.56 <.001*** 
TMT B T = 43.28 T = 51.86 -4.13 <.001*** 
Stroop     
   Word T = 37.92 T = 48.60 -6.09 <.001*** 
    Color  T = 37.18 T = 45.72 -4.71 <.001*** 
    Color-Word T = 43.16 T = 54.08 -5.07 <.001*** 
    Interference T = 53.84 T = 55.68 -1.34 .18 
UFOV     
   Processing Speed Mdn =13.00 sec Mdn = 13.00 sec NA NA 
   Divided Attention Mdn = 13.00 sec Mdn = 13.00 sec NA NA 
   Selective Attention Mdn = 33.00 sec Mdn = 17.00 sec 1.06 .29 
Verbal Fluency (“F” words) 11.26 14.38 sec -3.31 .001*** 
Notes. SS = standard score; ss = scaled score; T = T-score, Z = z-score 
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 Relationships between neurocognitive variables and driving are shown in tables 7 
and 8. First, we examined the relationship between neurocognitive performance and 
driving during baseline. Poorer performance on measures of attention was related to 
greater lane variability and poorer performance on measures of processing speed was 
related to more speed and lane variability. Next, we examined the relationship between 
neurocognitive performance and differences in driving performance between baseline and 
tasks. Poorer performance on measures of attention, working memory, processing speed, 
and executive function were all related to greater increases in lane variability during tasks 
compared to baseline. Poorer performance on measures of attention was also related to 
greater increases in speed variability. We also examined relationships between 
neurocognitive measures and driving for each group separately and a similar pattern of 
results emerged. 
 
Table 7. Relationship between neurocognitive variables and driving during baseline. 
 adSpeed covSpeed sdLane 
 Χ2 p Χ2 p Χ2 p 
IQ 2.52 
.11 
3.17 .07 1.20 .27 
Attention .48 .92 5.75 .12 18.34 <.001*** 
Working Memory 4.51 .21 1.93 .59 .22 .97 
Processing Speed 3.50 .17 9.05 .01** 7.78 .02* 
Executive Function 5.96 .11 3.57 .31 1.43 .70 
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Table 8. Relationship between neurocognitive variables and driving differences between 
baseline and tasks. 
 adSpeed covSpeed sdLane 
 Χ2 p Χ2 p Χ2 p 
IQ .14 
.71 
.39 .53 2.35 .13 
Attention 3.43 .33 10.98 .01** 11.47 .009** 
Working Memory 2.21 .53 3.39 .33 9.14 .03* 
Processing Speed 1.10 .58 4.44 .11 16.90 <.001*** 
Executive Function .97 .81 .62 .89 7.80 .05* 
 
 
Notes. Attention measured by Digit Span Forward raw score, Trails A time, and UFOV 
Selective Attention score; Working Memory measured by Digit Span Backward raw 
score, Digit Span Sequencing raw score, and Letter-Number Sequencing raw score; 
Processing Speed measured by Stroop Word Reading raw score and Symbol Digit 
Modalities Test raw score; Executive Function measured by Stroop Color-Word raw 
score, Trails B time, and number of words provided for “F” condition of verbal fluency 
4. DISCUSSION 
 
 We measured driving behaviors of 50 young adults with ASD and 50 TD controls 
matched on age, gender, and history of licensure. Ability to maintain the speed limit was 
comparable between groups; however, ASD drivers demonstrated increased variability in 
speed and lane positioning, suggesting difficulty with consistent self-monitoring and 
regulation of pedal pressure and steering wheel control. Introduction of secondary tasks 
impacted driving behaviors for both groups but the effect depended on the type of task. 
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Tuning the radio, which required more complex cognitive demands as well as a motor 
component, led to the most difficulty with speed and lane management. The effect of 
radio tuning on driving was more pronounced for the ASD group. Performance on 
neurocognitive measures attention and processing speed were predictive of baseline 
driving while neurocognitive measures of attention, working memory, processing speed, 
and executive function were all predictive of the effect of tasks on lane deviation.  
4.1 ASD Driving Observations 
 
 Driving impairments on a VRDS in the ASD group compared to TD controls 
replicates findings from previous research (Classen & Monahan, 2013; Cox et al., 2015) 
with a larger, better-matched sample of young adults. Importantly, participants were 
matched on age, gender, history of licensure, and IQ, eliminating these variables as 
explanations of findings. Our findings also expand on previous research by including an 
ASD sample with a continuum of driving experience, including participants with no 
history of driving experience, as well as those who had acquired permits and even 
licensure.  In contrast to findings from research including only ASD drivers who had 
acquired permits or licensure (Cox et al., 2015; Reimer et al., 2013), this study found 
differences between groups in regard to both speed and lane management, even on a 
basic rural route without additional demands. However, ASD symptoms as measured by 
parent report and standardized observation were not related to driving abilities. Our 
findings suggest that young adults with ASD are likely to have more difficulty than their 
peers developing basic driving skills, such as consistently regulating speed and managing 
their position within their lane. These findings have important implications for 
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developing interventions for young adults with ASD in the very early stages of driver 
training. 
4.2 Dual-Tasks Effect 
 
Our study expands on previous research by assessing the effect of dual tasks 
while driving in young adults with ASD. Consistent with previous research with TD 
drivers (e.g., Klauer et al., 2014), engaging in realistic secondary tasks impacted driving. 
Interestingly, the effect on driving depended on the type of task. Specifically, the radio-
tuning task, which was the most ecologically valid task, was significantly more 
problematic than the other tasks for both groups, but it was particularly challenging for 
the ASD group. Compared to TD controls, ASD drivers demonstrated more difficulty 
with speed management while changing radio stations. Interestingly, drivers with ASD 
performed worse on both primary (speed management) and secondary (radio tuning) 
tasks compared to TD drivers, meaning they could not appropriately allocate resources to 
either task, much less rapidly shift in order to dual-task. Poorer driving performance 
during the radio task compared to baseline is not surprising. Indeed, previous research 
has found poorer performance on secondary tasks while driving in other neurologically 
compromised populations (e.g., Lengenfelder, Schultheis, Al-Shihabi, Mourant, & 
DeLuca, 2002). Engaging in secondary tasks while driving requires drivers to shift 
attention away from driving-related tasks (watching the road, regulating speed, regulating 
lane positioning) and distribute cognitive resources elsewhere. Doing so means engaging 
in rapid decision-making about where to allocate cognitive resources and for how long, 
and therefore impacts driving skills (Klauer, Neale, Dingus, Ramsey, & Sudweeks, 2005; 
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Strayer & Johnston, 2001).  The radio-tuning task required even more cognitive resources 
than the other tasks because it included both a mental and a visual-motor component. 
Specifically, drivers were required to quickly shift attention, including gaze, among the 
examiner, the radio dial, the steering wheel and the road. At the same time, they had to 
maintain lane positioning by keeping the steering wheel steady and use one hand to 
change the radio station. Therefore, completing this task while maintaining proper speed 
and lane management requires proficient ability to rapidly switch visual focus between 
the road and the radio. More pronounced difficulty during this task in drivers with ASD 
may be due to ASD-related impairments in divided attention (e.g., Koldewyn, Weigelt, 
Kanwisher, & Jiang, 2013) and other executive functions (Hill, 2004). Increased 
difficulty with this task in the ASD group may also be related to documented ASD-
related deficits in motor skills, including bilateral motor coordination (Ghaziuddin, 
Butler, Tsai, & Ghaziuddin, 1994; Jansiewicz et al., 2006),visuomotor integration 
(Classen & Monahan, 2013; Miller, Chukoskie, Zinni, Townsend, & Trauner, 2014; 
Verte, Geurts, Roeyers, Oosterlaan, & Sergeant, 2006), divided attention (Koldewyn et 
al., 2013), and mental flexibility (Lopez, Lincoln, Ozonoff, & Lai, 2005). Indeed, 
increased difficulty during concurrent motor driving tasks have been found in other 
populations with divided attention deficits such as older adults (Brouwer, Waterink, Van 
Wolffelaar, & Rothengatter, 1991). 
In contrast with the radio-tuning task, which clearly impaired driving for both 
groups, the effect of solely verbal tasks was more complex. Consistent with our 
hypothesis, the social conversation task only adversely affected the ASD group, not TD 
controls. During the social conversation task, TD drivers demonstrated similar variability 
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in speed and improved variability in lane positioning compared to baseline. Improved 
performance during the task may be because engaging in a conversation requires very 
little additional resources for TD drivers and initiation of a conversation by the examiner 
was a reminder to drivers that they were being observed. Alternatively, the addition of a 
small cognitive demand may have improved performance by providing additional 
activation of attentional networks for TD drivers. Indeed, a similar pattern of 
performance was found for TD drivers during a working memory task in the Cox et al. 
(2015) study. In contrast, ASD drivers demonstrated similar lane variation but worse 
speed variation during the conversation task compared to baseline. These differences may 
be because engaging in a social conversation requires more cognitive resources for ASD 
drivers than TD drivers due to ASD-related difficulty with social communication. This 
hypothesis is supported by the finding that significantly more ASD drivers than TD 
drivers reported feeling distracted by the conversation task. Our findings differ from 
those of Reimer and colleagues (2013) who found no differences between ASD drivers 
and controls when participants were required to engage in a telephone conversation or 
complete an auditory continuous performance task. Differences in findings are likely due 
to use of a larger sample with a heterogeneous driving history as well as more sensitive 
measures of driving performance. 
 During the verbal fluency task, we found the opposite pattern of results. ASD 
drivers demonstrated slightly less speed variability while TD drivers demonstrated 
slightly more during the verbal fluency task compared to baseline. This finding is 
interesting because it illustrates how drivers with ASD may not perform worse than TD 
drivers across all conditions. It is important to note, however, that ASD drivers still 
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demonstrated more variability in speed than TD drivers throughout the drive, including 
during the verbal fluency task. They simply demonstrated relative improvement 
compared to their own baseline during verbal fluency while TD drivers demonstrated 
slightly worse performance than during their own baseline. This finding again suggests 
that slight increases in cognitive load may actually improve driving performance by 
increasing activation in attentional networks. Further research is needed to explore this 
hypothesis. 
4.3 Relationship between Neurocognitive Performance and Driving		
  
Importantly, this study is the first to examine the relationship between 
standardized assessments of cognitive abilities and driving in this population. While a 
previous study (Cox et al., 2015) found a relationship between performance on a driving-
related working memory task (remembering road signs) and driving, ours is the first 
study to find a relationship between brief, commonly-administered neuropsychological 
assessments and driving performance of individuals with ASD. This is relevant because 
these measures are often administered to individuals with ASD as part of 
neuropsychological testing, so understanding the role of cognitive variables measured by 
these tests and driving allows for an easy method of assessing readiness to drive in this 
population. It is important to note, however, that neurocognitive variables did not explain 
all of the variance in driving behaviors, suggesting that neuropsychological testing alone 
is not likely to be sufficient in determining driving capacity in this population. These 
results are similar to findings from research with other populations and highlight the fact 
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that driving is a complex behavior (Orth et al., 2005; Reger et al., 2004; Schanke & 
Sundet, 2001). 
 We hypothesized that neurocognitive variables would predict driving behaviors 
and that, based on studies with other populations, processing speed would be the most 
consistent predictor of driving abilities. Findings were generally consistent with both 
hypotheses. Specifically, motor-free processing speed was related to both speed and lane 
management during basic driving and strongly related to the effect of secondary tasks on 
lane management. Attention was also related to both basic and complex driving tasks. 
Higher order executive functioning, including working memory, were related to the effect 
of secondary tasks on driving, but were not related to basic driving. Because this is the 
first study to examine the relationship between neurocognitive measures and driving in 
this population, we only hypothesized that a relationship would exist but did not postulate 
about the relationship between specific neurocognitive variables and which driving 
variables they would predict. Taken together, findings suggest that neurocognitive 
variables play a role in driving behaviors of individuals with ASD and that measurement 
of neurocognitive skills can help inform driving abilities in this population. However, 
ecological validity of neuropsychological assessment is limited (Chaytor & Schmitter-
Edgecombe, 2003) and further research is warranted to better clarify the relationship 
between neurocognitive functioning and driving in this population. 
4.3 Strengths and Limitations 
 
 The current study addressed several limitations of previous research in this area 
by objectively measuring driving abilities using a VRDS with a large, heterogeneous 
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sample of individuals diagnosed with ASD. Unlike previous research, ASD diagnosis 
was confirmed using the gold standard in autism diagnosis and samples were matched on 
gender, age, history of licensure, and IQ to ensure that these variables were not 
accounting for group differences. In addition, driving behaviors were objectively 
measured over time with a variety of environmental demands, allowing for sensitive 
measurement. Finally, the current study included participants across a wide range of 
driving experience, including those who had acquired licenses, acquired permits, or had 
no driving experience. Despite these strengths, this study has several limitations. First, 
although we attempted to match groups on a variety of variables, the TD group had 
significantly more driving practice than the ASD group, and the groups differed 
regarding race of participants. Although driving history was included as a covariate in 
analyses, future research would benefit from samples that are better matched on driving 
practice. Differences in the racial make-up of our samples were likely related to difficulty 
recruiting young adults who had not acquired driver’s licenses. Several of the TD control 
participants were international college students who had likely not acquired driver’s 
licenses because of their international status. In contrast, unlicensed ASD participants had 
likely not acquired licenses because of concerns about their ability to pass the driving test 
or to safely drive. Future research should aim at better matching samples in regard to race 
and nationality. Another limitation related to the sample was that it included very few 
females and very few licensed drivers. This limits generalizability of findings for these 
populations. In regard to methodology, we attempted to create a comprehensive yet 
efficient battery. Attempts to limit time burden and reduce risk of fatigue for participants 
impact comprehensiveness of the battery. Given ASD-related impairments in several 
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domains of motor functioning and executive functions, this study may have benefitted 
from additional predictors of driving behavior, such as tests of visuomotor integration, 
planning, and problem-solving. Another methodological limitation was that we did not 
counterbalance the order of secondary tasks across participants. Participants all 
completed secondary tasks during the same route sections to reduce the likelihood of 
experimenter error and simplify data extraction. However, this may have affected results. 
Specifically, performance during the conversation task may have been affected by carry-
over effects of the radio task, which had the greatest impact on driving behavior and took 
place shortly before the conversation task. Finally, there are a variety of extraneous 
variables that were not controlled for and may have impacted results. For instance, 
performance for ASD drivers may have been impacted by increased anxiety in this group. 
Indeed, many ASD participants needed several reminders that performance during this 
study would not determine their eligibility to drive, suggesting that ASD participants 
were more anxious about their performance than TD participants. Other mental health 
concerns, including ADHD and depression, which occur at higher rates in individuals 
with ASD than TD individuals, may have also affected driving performance.  
4.4 Directions for Future Research 
 
 The current study highlights the need for further research on driving in individuals 
with ASD. Specifically, future research should aim to develop interventions for autism-
specific driver training. Intervention-focused research should examine a hierarchical 
graduated approach to driver training in which basic skills, such as speed and lane 
management, are practiced to criterion and then fluency before more complex skills are 
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introduced. Research should also examine interventions for improving driving in 
individuals with ASD when cognitive demands are increased and when environments 
become increasingly complex. This line of research would benefit from use of VRDS for 
ensuring a safe setting while allowing for manipulation of driving environments. 
 In addition, researchers should keep in mind that ASD is a diagnosis with an 
extremely heterogeneous presentation of symptoms. It will therefore be important to 
investigate the relationship between individual characteristics and driving. In addition to 
further examination of the role neurocognitive variables play in driving, future research 
should investigate relationships between driving and presentation of specific autistic 
symptoms as well as common co-morbid features of autism not examined in this study, 
such as visual and motor impairments and symptoms of anxiety. In addition, some 
research has suggested that visual acuity may play a role in driving abilities of individuals 
with ASD (Classen & Monahan, 2013), so performance on vision testing may be an 
important predictor to examine further. 
 Finally, it is extremely important to note that ASD group-based weaknesses in 
driving performance compared to TD peers should be interpreted with caution. 
Performance within the ASD group was extremely heterogeneous with many ASD 
drivers performing quite well. Likewise, many TD drivers made frequent errors and 
demonstrated difficulty with speed and lane management, likely due to the large number 
of novice drivers in the current sample. In addition, poorer speed and lane management 
relative to peers does not necessarily translate to more dangerous driving. Differences 
may be subtle and ASD drivers may be able to effectively use compensatory strategies to 
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drive safely. Future research should examine how ASD-related driving differences 
impact risks for motor vehicle collisions and other gross driving errors.  
4.5 Conclusions and Implications for Driver Training 
 
 Findings from this study suggest that young adults with ASD are at risk for 
experiencing more difficulty learning to drive than their TD peers. In addition to 
difficulties with basic driving tasks, young adults with ASD may experience increased 
difficulty relative to peers when engaged in common secondary tasks, like changing the 
radio station and having a conversation. Individuals with poorer attention, working 
memory, processing speed, and executive functioning are at increased risk for 
experiencing driving difficulties.  
 Results suggest that autism-specific driving training may be beneficial for 
increasing access to driving and improving driving abilities in this population. Based on 
the findings from this study, the following guidelines may be useful for training driving 
in young adults with ASD. Individuals with ASD may benefit from a slower and more 
gradual approach to driver training in which basic skills, such as speed and lane 
management, are taught first in a simple environment (e.g., parking lot). Drivers should 
continue to practice basic skills until they are fluent. More complex tasks and 
environments should be introduced only after drivers become proficient with basic tasks. 
Distractions, such as conversation, listening to the radio, and use of cell phones, should 
be limited as much as possible. In addition, because social impairment was related to 
driving skills, unwritten rules of the road may need to be spelled out more explicitly for 
drivers with ASD than their peers. Finally, drivers with ASD will likely benefit from 
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explicit direction regarding expectations for unanticipated changes to the driving 
environment, such as other drivers who make traffic violations and pedestrians who 
unexpectedly walk into the road. Training can include teaching drivers to look for clues 
that may help them anticipate changes to their driving environment and helping them 
practice how to respond to these changes. These guidelines should be researched to 
confirm their effectiveness for training driving skills in individuals with ASD. 
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Appendix A: Demographics Questionnaire 
 
Date of Testing: _________      DOB: ___________  Age: ________  
Sex:    o MALE      o FEMALE    Handedness: _______________   
Race: _______________________                
Recent neuropsych testing?   o No   o Yes   When? _____  Where? ____  Purpose:  
Clinical __  Other ___ 
 
I.  EDUCATIONAL HISTORY: 
 
Highest grade completed in school? _________________________   
 
Academic or Learning Disability?  o No   o Yes   Please 
Explain:________________________________________ 
 
II.    ASD HISTORY: (not for TD) 
 
Diagnoses: ________________ Age diagnosed with ASD? __________    
 
III.  IMPAIRMENTS: 
 
Epilepsy/Seizures?       o No   o Yes à Date of last seizure:___________________ 
Visual difficulties?       o No   o Yes  Explain:  _____________________________ 
Glasses/Contacts? o No   o Yes à Wearing today?  o No   o Yes   
Sleep difficulties?        o No   o Yes  Explain: _________________________________ 
Are you in any pain today   o No   o Yes  Explain: _____________________________ 
 
IV.   OCCUPATIONAL HISTORY: Currently Employed (including full-time student 
status)?   
o  No  à    o Disability     o Volunteer _______  o Other _______________________ 
o Yes  à   Title: _____________   o   Full-Time        o  Part-Time  ________ hrs/wk. 
 
V.   SOCIAL HISTORY: 
 
Tell me an event you attended recently that included other people with whom you 
interacted:  (Add to driving protocol) 
 
1.______________________________________________________________________ 
2.______________________________________________________________________ 
3.______________________________________________________________________ 
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VI.  DRIVING INFORMATION: 
 
Have you ever held a license?    o NO      o YES   
 
If YES: 
When were you first licensed? (month/year)  ________________ 
Have you ever had your licensed suspended or revoked?  o NO      o YES   
If so, reason: _________________  and time period(s) __________________________ 
Do you currently hold a driver’s license?    o NO      o YES   
Have there been any periods when you were not licensed after initially becoming 
licensed) for any reason?  o NO   o YES      If so, reason and time period(s) ________ 
Have there been periods when you were licensed but not regularly driving?    
 o NO   o YES       
If so, reason _________________ and time period(s) ______________ 
On average, how many days per week do you drive?  ___    Hours per week?  ________ 
 
If NO: 
Have you taken a driver’s training/education course?       o NO      o YES   
When?__________ 
Do you have a driving permit?  o NO      o YES   
How many hours have you practiced driving?  _________________ 
Have you ever used virtual reality driving simulation?       o NO      o YES    
If so, in what context?  _________________ 
Do you play any computer or video games that involve driving? ____________________ 
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Appendix B: Modified Simulator Sickness Questionnaire (M-SSQ) 
 
 
 
1. Previous Simulator Experience 
 
Have you had any prior exposure to simulators? YES/NO 
If yes: 
Did you experience any sickness from your simulator experience? YES/NO 
 If yes, please describe: ______________________________________________ 
 
2.  Previous Flying Experience 
 
Have you ever experienced any motion sickness on an airplane? YES/NO 
 If yes: 
How often would you say you get airsick? 
(a) Always   (b) Frequently   (c) Sometimes   (d) Rarely   (d) Never 
 
3.  Previous Shipboard Experience 
 
Have you ever experienced any motion sickness on a boat or ship? YES/NO 
 If yes: 
How often would you say you get seasick? 
(a) Always   (b) Frequently   (c) Sometimes   (d) Rarely   (d) Never 
 
4.  Do you get sick while riding in a car?  YES/NO 
If yes: 
How often would you say you get carsick? 
(a) Always   (b) Frequently   (c) Sometimes   (d) Rarely   (d) Never 
 
5. Do you experience motion sickness at any other time not already described? YES/NO 
If yes, please describe: 
____________________________________________________________ 
 
IN GENERAL, HOW SUSCEPTABLE TO MOTION SICKNESS ARE YOU? 
(a) Extremely (b) Very   (c) Moderately   (d) A little   (d) Not at all 
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PRE-EXPOSURE PHYSIOLOGICAL STATS INFORMATION 
 
1. Do you feel like your usual self today? YES/NO 
2. Have you been ill in the past week? YES/NO 
If yes, please indicate: 
a) The nature of the illness (flu, cold, etc.): _________ 
b) Severity of the illness: Very Mild ------------------------------Very 
Severe 
c) Length of illness: ___________hours/days/weeks 
d) Major 
symptoms:________________________________________________
___________ 
e) Are you fully recovered? YES/NO 
3. How much alcohol have you approximately consumed during the past 24 hours? 
_____ 12 oz. cans/bottles of beer     ______ ounces of wine      ______ ounces 
hard liquor  
4. Please indicate all medication you have used in the past 24 hours 
____________________ 
5. A) Approximately how many hours of sleep did you get last night? _________ 
hours 
              B) Was this your usual amount? _____________________ 
6. Please list any other comments regarding your present physical state which might 
affect your performance on our test 
battery______________________________________________ 
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Appendix C: Driving Protocol 
 
Participant#_________ 
Young Adults with ASD-Driving Tasks 
 
Sit in passenger seat. 
Enter participant name: ASDYA_##_date 
 
Training Task 
Provide feedback throughout training tasks. 
 
Select “Training Hwy”  
 
Before starting car, give the following instructions: 
This is our virtual training environment.  Before you begin, I would like to familiarize 
you with the controls.  Here is your steering wheel, brake, and gas.  On the screen here 
is your speedometer.  This marker shows you your speed in miles per hour.  These 
controls operate the turn signals.  See, they’re different than a normal car.  When you 
use them, just press once even though they don’t stay on the whole time.  I’ll press the 
red buttons sometimes but you don’t need them so please don’t touch them.  Please 
take a moment to familiarize yourself with the controls and foot pedals.  Feel free to 
adjust your seat so that you are comfortable with the foot pedals and controls.  Do you 
have any questions about the controls? 
 
This training phase is a chance for you to get more comfortable with the vehicle before 
driving in a more realistic environment.  Now we’re going to put the car in drive.   
Press ignition and shift button. 
 
The speed limit for this road is 55mph.  I’d like you to accelerate to and maintain a 
speed of 55 mph until I tell you to stop.  Stay in the right hand lane.   
 
When the participant reaches 55 mph, have them maintain that speed for a few seconds. 
Now, I would like you to maintain a speed of 40 mph.  Wait a few seconds.  Please 
move into the left lane. 
 
Cue participants to use turn signals and other controls if necessary.  Cue to adjust speed if 
necessary.  Wait until the curved sections are complete. 
Please speed up to 50 mph.  When you reach 50 mph, please move into the right lane. 
 
Wait a few seconds. 
Please slow down to 25 mph.  Wait a few seconds. Please move into the left lane. 
 
Wait a few seconds.  
Now I would like you to stop the vehicle completely.   
 
Press the shift button.  Press Main Menu. 
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Check motion sickness.
 
Select “Training Res”  
 
You have completed the first training phase.  Next, you will practice making some 
turns and stops.  Before I put the car into drive, do you have any questions? 
 
Put the car into drive.  The speed limit is 25 mph.  Please drive straight ahead. 
 
1. When the car passes the second intersection: Please bear left at the curve. 
2. Before the next left turn: Bear left at the curve. 
3. After the intersection, when the car is approximately 50 ft. from sign: Ahead, turn 
left at the corner. 
4. Just before the bus terminal: At the next available turn, turn left. 
5. After passing the bus terminal: Turn left at the first intersection. 
6. After the turn: Make your first available right hand turn. 
7. After the curve: Make a right hand turn at the corner. 
8. After the turn: Please drive straight ahead.   
9. When approaching the stop sign: At the corner, make a right turn. 
10. When the car is halfway down the straightaway: At the next available turn, turn 
right. 
11. After the turn: Please drive straight. 
12. When the car nears the next curve: Please bear right at the curve. 
13. When the car nears the next curve: Please bear right at the curve. 
14. After the curve: Make your first right hand turn. 
15. After the curve: Make a right hand turn. 
16. After the turn: Make a left turn. 
17. After the turn: Make a left turn. 
18. Upon nearing the end of the straightaway: Make a left turn. 
 
You may stop the car.  This completes the training session. 
Press the shift button.  Press Main Menu. 
 
Do you feel sick at all?  Nauseous? Headache? Dizziness?  Hot?   
Do you have any questions?
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We are now going to start the first task on the driving simulator.  Please follow all 
traffic laws, including driving at posted speed limits, using turn signals before turning, 
and stopping at stop signs.  I will not be able to talk to you while you are driving so as 
not to distract you, unless you have a question.   
 
Put the car into drive. Whenever you are ready, you can start the car and begin driving.  
Just follow the road unless I give you another direction. 
At the stop sign at the end of the rural route: Please turn right. 
At the stop sign at the end of the street: Please turn right and stop the car. 
 
In this next task, you will follow the same route you have just completed.  However, at 
various times, I will ask you to complete a task or answer some questions.  The tasks 
will include listing words starting with a specific letter just like before when you listed 
words starting with F and changing the radio station several times.  Let’s practice these 
tasks.  Name some words that start with A.  Remember that they cannot be proper 
names and cannot be the same word with different endings.  Go ahead. (After the 
participant lists 3 words).  Good.  Now let’s practice the radio task. Use these buttons to 
change the radio station.  Set station to 100.1.  Adjust the radio station to 101.3.  Help 
as necessary.  Great.  At some point during the route, I will start a conversation with 
you.  When you respond to my questions, try to provide some details in your answers 
rather than simply replying with a few words.  While you are completing any of the 
tasks that I just described, it is important that you continue to drive and follow all 
traffic laws.  Do you have any questions? Answer questions. Whenever you are ready, 
please start the car and begin driving.  Follow the road unless I give you another 
direction. 
When the participant reaches Railroad Tracks: Tell me words that start with S.   
 
 
________________________________________________________________15 sec 
 
 
 
_________________________________________________________________30 sec 
 
 
 
_________________________________________________________________45 sec 
   
 
 
_________________________________________________________________60 sec 
 
 
 
_________________________________________________________________after 60 
Time to finish task: _______ 
58 
 
 
When the participant finishes the driving segment (Road on right after fence) or after 60 
seconds (whichever comes last):  Okay, you can stop listing words but continue driving. 
When the participant reaches road after curve: Change the radio to:  (check off)  
___103.5  ___100.3  ___101.9  ___88.9 
___101.3  ___95.5  ___103.1  ___98.9 
___99.5  ___90.3  ___100.5  ___96.3 
When the participant finishes the driving segment (road on right just before building): 
Okay, we’re done changing the radio stations now but keep driving. 
When the participant reaches road on right after road on left: Earlier, you said that you 
recently ____.  Tell me who was there and what you did.  (Or something similar.  Make 
conversational.) 
Activities/Events from Demographics Form (Choose the one that seems most social first 
and then move on as necessary): 
 
1. ________________________________________________________________ 
 
2. ________________________________________________________________ 
 
3. ________________________________________________________________ 
 
Participant Behavior      Researcher Response 
 
 
 
 
 
 
 
 
 
Discusses social aspects of the 
event, including people the 
participant interacted with and 
conversations they had. Also, 
continues driving. 
Allow participant to continue 
talking and driving. 
Discusses non-social aspects 
of event . 
Ask follow-up questions: 
“Who was there?” 
“Tell me about a conversation 
you had.” 
“What did you talk about?” 
“Who did you hang out 
with?” 
“Tell me more” 
Does not respond. 
Says, “I don’t remember” or 
“I don’t know” 
Finishes response before task 
is over. 
Tell the participant to keep 
driving. 
Ask about another social 
event from the list. 
Stops driving. 
Has difficulty driving or looks 
away from road while talking. 
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When the participant reaches the end of the driving segment (road on left before the red 
car): Okay, you can stop telling me about ___, but continue driving. 
 
At the end of the route.  
I’m going to ask you a few questions about your experience driving.   
1. Did you find listing words distracting to your driving?  _______________________ 
2. Did you find changing the radio station distracting? ________________________ 
3. Did you find the conversation about __ distracting? _________________________ 
4. Which task was the most distracting?   verbal fluency     radio 
 conversation  
5. Which task was the least distracting?   verbal fluency     radio 
 conversation  
6. Was there anything that confused you during the driving tasks? 
____________________________________________________________________ 
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